ABSTRACT Interval-valued fuzzy soft set theory is a new and developing mathematical tool, which figures out a creative way aiming at dealing with uncertain and fuzzy data. Studies on decision making approaches and parameter reduction based on the complete interval-valued fuzzy soft sets became very active. However, we have to face up to a mount of incomplete data in real applications of interval-valued fuzzy soft sets. In this paper, we propose data analysis approaches of interval-valued fuzzy soft sets under incomplete information, which involves ignoring incomplete data when the percentage of missing entries is higher than the threshold and a filling approach for incomplete information while the percentage of missing entries is lower than the threshold. A suitable and practical case study demonstrates the implementation and validation of the proposed analysis approaches. The experimental results show that the overall accuracy estimation of the filling approach is up to 96.11%.
I. INTRODUCTION
In recent years, more and more researchers are realizing the fact that there exists a great deal of uncertain, fuzzy, not clearly defined data when we have to face up to a lot of practical and complicated problems. Probability theory, fuzzy sets [1] , rough sets [2] , intuitionistic fuzzy sets [3] , vague sets [4] and interval mathematics [5] are the classical theories to handle Uncertainties. However, the document [6] figures out the inherent difficulties of these above the traditional mathematical tools. To overcome these difficulties, the creation of soft set theory is due to Russian mathematician Molodtsov [7] . Soft set is referred to as a new general mathematical tool for dealing with uncertainties, which is free from the inadequacy of the parameterization tools. Soft set theory can support the rich applications in many directions, such as decision-making [8] - [16] , [27] , [52] , data mining [17] , [18] , game theory, operations research, Perron integration, and measurement theory [7] .
Furthermore, research on combinations of soft sets and other mathematical models have been very active and these extended models have been successfully applied into a number of practical fields. The definition of fuzzy soft set is initialized in [19] and [20] by extending the soft set. After that fuzzy soft set theory has been successfully introduced into the application of decision making [21] - [26] , [28] . Soft sets are further extended to intuitionistic fuzzy soft sets [29] - [33] , Intuitionistic fuzzy parameterized soft set [34] , intervalvalued intuitionistic fuzzy soft set theory [35] - [37] , lattice ordered soft sets [38] , Bijective soft set [39] , [40] , vague soft sets [41] , [42] , trapezoidal interval type-2 fuzzy soft sets [43] , [44] , soft rough set [45] , Z-soft fuzzy rough set [46] , [47] , rough soft sets [48] .
The overwhelming majority of above mentioned applications of soft set and its extended models are based on the complete information. Nevertheless, practical applications in most cases involve incomplete information, which may confuse the data process and lead to the derivation of erroneous decision making. For instance, when attendees need to fill out a questionnaire, they always miss the income item on account of the fact that they are unwilling to expose the private information and then give up this question. Therefore, it is necessary to handle the incomplete information. Some researchers have made a great effort on data analysis of incomplete soft sets. A novel data analysis method of soft sets under incomplete information is described in [15] , however, the large computation amount and the low understandability are its main drawbacks. Aiming to improve this method, Kong et al. [50] present the simplified probability to directly instead of the incomplete information, and demonstrate the equivalence between the weighted-average of all possible choice values approach and the simplified probability approach. By means of the association degree and the distribution of other available objects, Qin et al. [51] depicted a data filling approach for the unknown data in soft set. In the document [49] , an object-parameter method is introduced in order to predict the missing data in incomplete fuzzy soft sets. Muhammad et al. [56] - [58] also discussed the issue of incomplete soft set.
We have to realize that the individualized related membership functions are not easily given by the determinate value in a number of fuzzy and uncertain application environments. Consequently, we use an interval-valued data to present degree of membership, which is more flexible and reasonable. Therefore, the theory of the interval-valued fuzzy soft set (IVFSS) [53] by combing soft set with interval-valued fuzzy set has emerged and becomes hot. Their related essential properties are proved and a heuristic algorithm is provided to settle a matter of decision making based on IVFSS. In the document of [54] , the definition termed as reduct fuzzy soft sets of IVFSS is presented. By means of reduct fuzzy soft sets and level soft sets, the suitable model aiming at decision making based on (weighted) IVFSS is put forward. In [55] , four related parameter reduction (optimal choice considered parameter reduction, Invariable rank of decision choice considered parameter reduction, normal parameter reduction and approximate normal parameter reduction) definitions and heuristic algorithms for IVFSS are provided. They have their strengths and their weaknesses. Above mentioned decision making approaches and parameter reduction are based on the complete interval valued fuzzy soft sets. Similarly, we have to face up to the incomplete interval valued fuzzy soft sets in the real-life applications. Due to the particularity of interval-valued fuzzy membership degree, the methods of the documents in [15] and [49] - [51] which are employed to handle incomplete soft set and fuzzy soft sets are not applicable to deal with the interval valued fuzzy soft set under incomplete information. Consequently, data analysis approaches of interval-valued fuzzy soft sets under incomplete information are required. In this paper, we propose data analysis approaches of interval-valued fuzzy soft sets under incomplete information, which involves deleting incomplete data and a filling approach for incomplete information. The proposed approaches can boost the development of practical applications of interval valued fuzzy soft sets. A suitable and practical case study demonstrates the implementation and validation of the proposed analysis approaches. The rest of this paper is arranged below. The theoretical background in regard to elementary details for soft set theory, fuzzy soft set theory and interval-valued fuzzy soft set theory are discussed in Section II. Section III proposes data analysis approaches of interval-valued fuzzy soft sets under incomplete information. In Section IV, the proposed approaches are applied into one suitable case. Finally Section V draws the conclusion for this article.
II. THEORETICAL BACKGROUND
In this section, we review some fundamental notes about soft sets, fuzzy soft set and interval-valued fuzzy soft set theory.
A. SOFT SET
Let U be a non-empty initial universe of objects, E be a set of parameters in relation to objects in U , P (U ) be the power set of U , and A ⊆ E. The definition of soft set is given as follows.
Definition 1 [6] : A pair (F, A) is called a soft set over U, where F is a mapping given by
(1)
B. FUZZY SOFT SET
Let U be an initial universe of objects, E be a set of parameters in relation to objects in U , ξ (U ) be the set of all fuzzy subsets of U . The definition of fuzzy soft set is given as follows. Definition 2 [19] : A pair (F, E) is called a fuzzy soft set over ξ (U ), whereF is a mapping given bỹ
In general, fuzzy sets provide partial memberships to describe the fuzziness, which are regarded as a powerful mathematical tool. Fuzzy subsets are employed as substitutes for the crisp subsets according to the concept of fuzzy soft set. Consequently we can think that every soft set can be referred to as a special fuzzy soft set. Besides, we easily discover that every fuzzy soft set can be figured as an information system and a data table which entries belong to the unit interval [0, 1] can match and express a fuzzy soft set.
C. INTERVAL-VALUED FUZZY SOFT SET
It is obvious that the membership degree in a fuzzy set cannot easily given by the determinate value in a number of fuzzy and uncertain application environments. Adopting interval value to express the membership degree is a better way. Thus the definition of an interval-valued fuzzy set was put forward. When soft set theory emerged, Yang et al. [53] wisely merge soft set and the interval-valued fuzzy set into a new mathematical tool termed as interval-valued fuzzy soft set. This part below simply introduces what is interval-valued fuzzy soft set theory.
Definition 3 [5] : An interval-valued fuzzy setX on an universe U is a mapping such that whereω is a mapping given bỹ
That is, an interval-valued fuzzy soft set is a parameterized family of interval-valued fuzzy subsets of U. Hence, its universe is the set of all interval-valued fuzzy sets of U, i.e.ψ (U ). Since an interval-valued fuzzy soft set is still a mapping from parameters toψ (U ), it is a special case of a soft set. It is notably that interval-valued fuzzy soft set is more flexible and reasonable. The synthesis of intervalvalued fuzzy set and soft set creates an excellent solution.
∀ε ∈ E,ω (ε) is interpreted as the interval fuzzy value set of parameter ε. It is actually an interval-valued fuzzy set of U where x ∈ U and ε ∈ E, which can be written as
where,ω (ε) is the interval-valued fuzzy membership degree that object x holds on parameter ε.
The following example tells us what the interval-valued fuzzy soft set is.
Example 5: One person is planning to buy a home printer. There are four printers to be chosen. We use four parameters such as ''speed'', ''good-looking'', ''scan'', and ''price'' to describe these home printers. Suppose that an intervalvalued fuzzy soft set (S, A) gives the portraying for the home printers. Suppose that Let U = {h 1 , h 2 , h 3 , h 4 } and E = {e 1 , e 2 , e 3 , e 4 } where four printers are included in the universe U and e i (i = 1, 2, 3, 4) depict the attributes ''speed'', ''good-looking'', ''scan'', and ''price'' respectively. The data table matching with this interval-valued fuzzy soft set (S, A) represents all the entry values which characterizes these four printers from the four respects in TABLE 1. From this table, we can come to know that for the four candidate printers from the four respects the precise evaluation is uncertain, instead, the lower and upper approximations of such an evaluation can be expressed. For instance, we are not sure the exact value of how cheap printer h 1 is, however, printer h 1 is at least cheap on the degree of 0.7 and it is at most cheap on the degree of 0.9, which entries are shown in the first row and last column in TABLE 1.
However, it cannot be denied that there is some incomplete information in practical applications. When we collect and look through questionnaires, missing data [51] put us in an awkward situation. Attendees giving up some questions due to keeping privacy or misunderstand the meaning of questions leads to missing data. But beyond that, some reasons as diverse as inaccuracy of measuring and collecting data or restriction of data collecting can also generate unknown data. Hence, interval-valued fuzzy soft sets under incomplete information become incomplete interval-valued fuzzy soft sets. In order to explicitly clarify incomplete interval-valued fuzzy soft sets, the following example is given.
Example 6: Clients are planning to have a wonderful travel in Xi'an, China. It is necessary to make reservation for rooms at the star hotel which meets the clients' need at the greatest degree. Potential customers are going to the browse the web wages booking.com which present the information of these candidate hotels and then make their choices. Guests who have lived in the hotels give evaluations according to their feeling about their stay. Score breakdown is provided from six aspects: ''clean'', ''comfort'', ''location'', ''services'', ''staff'', ''value for money''. Reviews are divided into six categories: ''Families with older children'', ''Families with younger children'', ''mature couples'', ''groups of friends'', ''solo travelers'', ''young couples''. Classified reviews give scores as evaluations for hotels from six aspects, respectively. For example, for Hotel 1, on ''clean'' parameter, the lower and upper limits of such an evaluation are given as 7.5 and 9.0, which are the maximum and minimum scores given by 221 reviews. This evaluation can be transformed into [0.75, 0.9] which is subintervals of [0, 1]. So Hotel 1 is at least clean on the degree of 0.75 and it is at most clean on the degree of 0.90. Potential customers can make decision trough the reference evaluation. However, missing or unclear score data often appear in this evaluation system due to the fact that some guests give up some questions or may not understand the meaning of questions correctly.
So U is the set including 10 four star hotels in Xi'an under consideration and U = {h 1 , h 2 , · · · , h 10 } = {Citadines Central Xi'an Condo Hotel, Skytel Xi'an, Bell Tower Hotel Xi'an, Mercure Xi'an on Renmin Square, Ramada Bells 4 , e 5 , e 6 } = {clean, comfort, location, services, staff, value for money}. It involves incomplete information when reviews are filled. The tabular representation of an incomplete interval-valued fuzzy soft set is shown in TABLE 2.
Removing unknown or missing data seems the simplest approach of converting incomplete IVFSS into complete IVFSS However it is clear that there are risks about loss of some valuable information. Another alternative approach for dealing with incomplete information is data filling, which can predict and fill inexistent or missing data. Consequently, we propose data analysis approaches of interval-valued fuzzy soft sets under incomplete information, which involves deleting incomplete data when the percentage of missing entries is higher than the threshold and a filling approach for incomplete information while the percentage of missing entries is lower than the threshold. 
III. DATA ANALYSIS APPROACHES OF INTERVAL-VALUED FUZZY SOFT SETS UNDER INCOMPLETE INFORMATION

Definition 7: For an incomplete interval-valued fuzzy soft set (S, E), U
where |U | denotes the number of objects.
Definition 10: For interval-valued fuzzy soft set S , E , 
where |E| denotes the number of parameters.
Our algorithm is given based on these definitions as follows:
The proposed algorithm can be used to solve the problem about incomplete information in Example 6.
Step 1: Input the incomplete interval-valued fuzzy soft set S , E and the parameter set E;
Step 2: Input the threshold of missing entries for parameters r p = 0.8 and the threshold of missing entries for objects r o = 0.8.
Step 3: Input the given weight λ d and λ p ; here we resign
Step 4: Calculate
= Per * S(e 5 )
= Per * S(e 6 ) = 0 2 × 10 = 0 < 0.8
= Per * S(e 3 )
= Per * S(e 4 ) = 2 2 × 10 = 0.1 < 0.8, 
Per * S(h
Consequently, no parameter and object can be ignored, that is to say, we keep all of parameters and objects, missing data should be filled.
Step Step 8: Calculate unknown degree of membership an element h 2 toS(e 4 ), h 3 toS(e 3 ), h 5 toS(e 2 ) by the formulations:
Here we propose λ d = λ p = Step 9: Based on these filling data, we can convert the incomplete interval-valued fuzzy soft set shown in Table 2 into complete interval-valued fuzzy soft set illustrated in Table 3 .
IV. EXPERIMENT
Aiming to measure the accuracy of filling data, we give two terms: accuracy rate and average accuracy rate.
Accuracy rate is defined as:
where r o denotes the original value, r f denotes the predicted value. Average accuracy rate is defined as:
where k is the number of missing value. In order to illustrate our approach, we look at the dataset of Five-Four Star Shanghai Hotel which is obtained from agoda.com. This web site provides a global online hotel reservation. Clients give the related scores when they had lived in this hotel or after they left the hotel according to their feeling about this accommodation in Hongxiao and changning, Shanghai. This website offers scoring detailed regulations and rules from seven aspects: ''Hotel Condition/Cleanliness'', ''Location'', ''Staff Performance'', ''Food/Dining'', ''Facilities'', ''Room Comfort/ Standard'', ''Value for Money''. In this evaluation system, there are 14 candidate hotels in Shanghai. U = {h 1 , h 2 , · · · , h 12 , h 13 Hotel, Sheraton Shanghai Hongqiao Hotel, Forte Hotel Shanghai}. Table 4 shows this dataset.
A. EXPERIMENT 1 In this experiment, the test data are randomly chosen from the initial dataset. Here we set the number of the test data as 3 groups, we resign λ d = λ p = 1 2 . After performing our method, we obtain one predicted value. And then the accuracy rate and average accuracy rate are calculated. This random sampling process is repeated 20 times. The overall accuracy estimate is taken as the average of the accuracies obtained from each iteration.
For example, for the dataset of Five-Four Star Shanghai Hotel, we randomly choose the interval values of Parameter e 1 of object h 5 , Parameter e 3 of object h 10 
We repeat this process 20 times. Finally, we obtain the overall accuracy estimate as 96.11%. It is clear that our method have a very high accuracy.
B. EXPERIMENT 2
In this experiment, we set the constant testing data, but dif- 
Finally, we obtain the overall accuracy estimate as 94.6%. From Figure II , we find that when λ p increases while λ d decreases, average accuracy rate increases. It seems that average accuracy rate mainly depends on parameters in this dataset.
V. CONCLUSION
Concept of the complete interval-valued fuzzy soft set is introduced in [37] . However, in practical circumstances, it is much likely that some unknown information may appear in interval-valued fuzzy soft sets. In order to solve this problem, we propose data analysis approaches of interval-valued fuzzy soft sets under incomplete information, which involves ignoring incomplete data when the percentage of missing entries is higher than the threshold and a filling approach for incomplete information while the percentage of missing entries is lower than the threshold. The effectiveness of the proposed approach is demonstrated using a suitable real-life case study. Experiment results show that overall accuracy estimation of the filling approach is up to 96.11%. She has published more than 20 papers in various international journals and conference proceedings. Her current research interests include soft set, data mining, and decision making. She has been appointed as a Reviewer of several international journals, such as the IEEE TRANSACTIONS ON CYBERNETICS and Applied Soft Computing (Elsevier). VOLUME 7, 2019 
